Summary. Wound reparative process after surgery, burns, injuries, and infl ammatory processes results in a spectrum of scar formation ranging from nearly scarless healing to excessive fi brosis or atrophy. S carring is considered a major medical problem that leads to aesthetic and functional sequelae. Scar tissue is clinically distinguished from normal skin by an aberrant color, rough surface texture, increased thickness (hypertrophy), occurrence of contraction, and fi rmness. In the last decade, the concept of wound healing kinetics has been developed to describe the delicate balance of cell activity involved in scar formation and remodeling. Hypertrophic scars and keloids are formed as a result of the process of abnormal wound healing. Despite all that has been written on improving the appearance of these types of scars, there are no defi nitive management protocols. The aim of the present article is to make a brief review of the basic wound healing, while focusing on medicine's latest understanding of the development and treatment of keloids and hypertrophic scars.
INTRODUCTION

S
carring is a normal reaction to injury. A scar in the skin may be defi ned as a "macroscopic disturbance of the normal structure and function of the skin architecture, resulting from the end products of a healed wound" [1] . In some cases abnormal scars can develop and they are extremely distressing to the patient. These scars can be hard to treat and satisfactory management usually relies on the use of a number of treatments either used in paral-lel, or in sequence. Unfortunately, unlike in other areas of medicine, there have been few advances in the management and treatment of abnormal scars over the past 20 years. Patients presenting with these scars are typically referred to plastic surgeons, dermatologists and other hospital departments, principally because they have concerns over their appearance or symptoms which are affecting their quality of life.
The present review is an attempt to clarify basic wound healing with an emphasis on the latest understanding of the development and treatment of keloids and hypertrophic scars.
SKIN BASICS AND WOUND HEALING
Skin consists of two main layers, the outer epidermis and the underlying dermis [2] . Specialized epidermal structures such as hair follicles, sebaceous and sweat glands, lie within the dermis without interrupting the epidermo-dermal junction. Beneath the dermis lies the supporting hypodermis or subcutaneous fatty tissue. It contains nerve fi bres and sensory organs, blood vessels supplying the skin, hair follicles and lymphatics. The epidermis has fi ve cellular strata. Cells of the basal cell layer continually divide. Older cells are displaced towards the surface where they are eventually shed. A gradual maturation process transforms the round, nucleated cells of the basal layer into the fl attened, keratin-rich squamous cells found on the outer surface of the epidermis.
WOUND HEALING AND SCAR FORMATION
The normal mammalian response to a break in cutaneous integrity occurs in three overlapping but biologically distinct phases: inflammatory, proliferative, and remodeling ( Fig. 1) [3, 4] . Following the initial injury, there is an initial inflammatory phase during which a hemostasis occurs and an acute inflammatory infiltrate ensues and aims to remove devitalized tissue and prevent invasive infection. Next, there is a proliferative phase during which the balance between scar formation and tissue regeneration occurs. Usually, scar formation predominates, although in fetal wound healing an impressive amount of regeneration is possible [5] . Finally, the longest and least understood phase of wound healing occurs in the remodeling phase, whose main purpose is to maximize the strength and structural integrity of the wound. The key points of each phase are discussed below. 
INFLAMMATORY PHASE
Infl ammation is the fi rst stage of wound healing which starts with hemostasis [6] . At the injury site, lacerated vessels immediately constrict. Thromboplastic tissue products, predominantly from the subendothelium, are exposed. Platelets aggregate and form the initial hemostatic plug. The coagulation and complement cascades are initiated. The intrinsic and extrinsic coagulation pathways lead to activation of prothrombin to thrombin, which converts fi brinogen to fi brin, which is subsequently polymerized into a stable clot. As thrombus is formed, hemostasis in the wound is achieved. The aggregated platelets degranulate, releasing potent chemo-attractants for infl ammatory cells, activation factors for local fi broblasts and endothelial cells, and vasoconstrictors. After hemostasis, local vessels dilate secondary to the effects of the coagulation and complement cascades, and to the action of different factors such as bradykinin, C3a and C5a anaphylatoxins, and histamine and leukotrienes, C4 and D4 from mast cells. The local endothelial cells then break cell-cell contact and increase permeability, which enhances the margination of infl ammatory cells into the wound site. Neutrophils are the fi rst white blood cells that infi ltrate the wound and which scavenges cellular debris, foreign bodies, and bacteria [7] . Activated com-plement fragments aid in bacterial killing through opsonization. The neutrophil infi ltrate is decreased in clean surgical wounds compared with contaminated or infected wounds. Within 2 to 3 days, the infl ammatory cell population begins to shift to one of monocyte predominance. Circulating monocytes are attracted and infi ltrate the wound site. These monocytes differentiate into macrophages, which not only continue to phagocytose tissue and bacterial debris, but also secrete multiple peptide growth factors [8] . These growth factors activate and attract local endothelial cells, fi broblasts, and keratinocytes to begin their respective repair functions. More than 20 different cytokines and growth factors are known to be secreted by macrophages [4, 9] . Depletion of monocytes and macrophages causes a severe alteration in wound healing with poor debridement, delayed fi broblast proliferation, and inadequate angiogenesis. The macrophage is the only infl ammatory cell type that is required for normal repair, indicating its primary role in the regulation of repair [10, 11] .
PROLIFERATIVE PHASE
The proliferative phase begins with degradation of the initial fi brin-platelet provisional matrix. Macrophages and the adjacent extracellular matrix (ECM) release growth factors that stimulate fi broblast activation [12, 13] . Local fi broblasts become activated and increase protein synthesis in preparation for cell division. As fi broblasts proliferate, they become the predominant cell type by 3 to 5 days in clean, non-infected wounds. After cell division and proliferation, fi broblasts begin synthesis and secretion of ECM products. The control of ECM deposition by fi broblasts is complex and partially regulated by growth factors and interactions of fi broblast cell membrane receptors with the ECM. Fibronectin and the glycosaminoglycan hyaluronic acid compose the initial wound matrix. Hyaluronic acid provides a matrix that enhances cell migration because of its large water of hydration. Adhesion glycoproteins, including fi bronectin, laminin, and tenascin, are present throughout the early matrix and facilitate cell attachment and migration. Integrin receptors on cell surfaces bind to the matrix glycosaminoglycans and glycoproteins. As fi broblasts enter and populate the wound, they secrete hyaluronidase to digest the provisional hyaluronic acid-rich matrix, and larger, sulfated glycosaminoglycans are subsequently deposited. Concomitantly, new collagen is deposited by fi broblasts onto the fi bronectin and glycosaminoglycan scaffold in a disorganized manner, resulting in scar formation [3] [4] [5] 14] . The major fi brillar collagens composing the ECM in skin and scar are collagen types I and III [15] . The ratio of collagen type I to type III is 4:1 in both skin and wound scar. Although type III collagen is initially deposited in relatively greater amounts in wounds, its amount is always less than type I collagen in the mature scar.
GRANULATION TISSUE
Granulation tissue is largely composed of three cell types that play critical and independent roles in granulation tissue formation: fi broblasts, macrophages, and endothelial cells [3, 4] . These cells form ECM and new blood vessels, which histologically are the ingredients for granulation tissue. Granulation tissue is present in open wounds. It begins to appear in human wounds by about day 4 post-injury and is clinically characterized by its beefy-red appearance (i.e., "proud fl esh"). Granulation tissue is a consequence of the rich bed of new capillary networks (neoangiogenesis) that form by endothelial cell division and migration. The directed growth of vascular endothelial cells is stimulated by platelet and activated macrophage and fi broblast products. One example is vascular endothelial growth factor, which induces migration and proliferation of endothelial cells.
CONTRACTION
Contraction is the process in which the surrounding skin is pulled circumferentially toward an open wound. This phenomenon does not occur with closed surgical incisions. The cellular mechanisms causing wound contraction are not well understood. The contractile forces are likely to be generated by myofi broblasts, which are fi broblast-like cells that contain smooth muscle α-actin and microfi laments in their cytoplasm [16, 17] . These cells may pull the surrounding skin toward the wound by their movement through the matrix scaffold or by intrinsic cellular forces. Wound contraction must be distinguished from contracture. Clinically, contracture is defi ned as tissue shortening or distortion that causes decreased joint mobility and function. Scar contracture commonly refers to decreased function in the area, whereas scar contraction refers to shortening of the scar length compared with the original wound.
EPITHELIZATION
Morphologic changes in keratinocytes at the wound margin are evident within hours after injury [3, 18] . The epidermal cell layer thickens and marginal basal cells migrate over the wound defect. Once these keratinocytes begin migrating, they do not divide until epidermal continuity is restored. New epithelial cells for wound closure are provided by fi xed basal cells in a zone near the edge of the wound. Their daughter cells fl atten and migrate over the wound matrix as a sheet (epiboly). Migration of keratinocytes over the wound matrix is guided by cell adhesion glycoproteins, such as tenascin and fi bronectin, which are their "railroad tracks". After the re-establishment of the epithelial layer, keratinocytes and fi broblasts secrete laminin and type IV collagen to form the basement membrane [19] . The keratinocytes become columnar and divide to restore the layering of the epidermis and re-form a barrier to further contamination and moisture loss.
REMODELING PHASE
The ECM is dynamic and is constantly undergoing remodeling during repair, which can be conceptualized as the balance between synthesis, deposition, and deg-radation. The balance of collagen deposition and degradation is in part determined by the regulation of matrix metalloproteinase activity. Proteins called tissue inhibitors of matrix metalloproteinase specifi cally inactivate the matrix metalloproteinases.
Scar formation is the ultimate outcome of wound repair in children and adults. Scar has no epidermal appendages (hair follicles and sebaceous glands), and it has a collagen pattern that is distinctly different from unwounded skin. New collagen fi bers secreted by fi broblasts are present as early as 3 days after wounding. As the collagen matrix forms, densely packed fi bers fi ll the wound site. The ultimate pattern of collagen in scar is one of densely packed fi bers and not the reticular pattern found in unwounded dermis.
Wound scar remodeling occurs during months to years to form a "mature" scar. The early scar appearance is red due to its dense capillary network induced at the injury site. When closure is complete, capillaries regress until relatively few remain. As the scar redness dissipates during a period of months, the true scar pigmentation becomes evident. Scars are usually hypopigmented after full maturation. However, scars can become hyperpigmented in darker-pigmented patients and in those lighter-pigmented patients whose scars receive excess sun exposure. For this reason, sun protection measures are recommended for patients with early scars on sun-exposed areas such as the scalp, face, and neck. During remodeling, wounds gradually become stronger with time. Wound tensile strength increases rapidly from 1 to 8 weeks after wounding [20] . When the healing cascade progresses normally, approximately 30% to 50% of the fi nal strength of the wound is achieved in 42 days. It is for this reason that elective surgery patients are told to refrain from strenuous activity or heavy lifting for at least 6 weeks. This progression represents the expected course of healing. In addition, scar is brittle and less elastic than normal skin. It is readily visible because of colour, contour, and texture differences compared with unwounded skin. Although scars can be hidden well with proper surgical planning and uneventful healing, they may have aesthetically unacceptable appearances in non-elective wounds after trauma and burns and in wounds with healing problems.
EXCESSIVE HEALING
Normal wounds have "stop" signals that halt the repair process when the dermal defect is closed and epithelialization is complete [3, 5, 18] . When these signals are absent or ineffective, the repair process may continue unabated and cause excessive scar. The underlying molecular mechanisms leading to excessive repair are not well known [14] .
Notwithstanding the molecular regulation of excessive scar formation, there are clinical factors that affect scar formation [21, 22] :
1. To minimize visible scar on skin, elective incisions are least noticeable when they are placed parallel to the natural lines of skin tension (Langer's lines).
2. Sharply defi ned and well-aligned wound edges that are approximated without tension heal with the least amount of scar.
3. Infection or separation of the wound edges with subsequent secondary intention healing also results in more scar formation.
4. Sun protection of all wounds is recommended to prevent scar hyperpigmentation.
Hypertrophic scars and keloids are unique to humans and do not occur in animals for unknown reasons. These pathologic scar types are distinguished on the basis of their clinical characteristics (Table 1) [14, [23] [24] [25] [26] [27] . Hypertrophic scars are defi ned as scars that have not overgrown the original wound boundaries but are instead raised. They usually form secondary to excessive tensile forces across the wound and are most common in wounds across joint surfaces on the extremities but also commonly occur on the sternum and neck. Physical therapy with rangeof-motion exercises is helpful in minimizing hypertrophic scar as well as joint contracture in the extremities. Hypertrophic scar is a self-limited type of overhealing that can regress with time. Pain and itching are commonly reported. These scars generally fade as well as fl atten to the surrounding skin level. Keloids are scars that overgrow the original wound edges. This clinical characteristic distinguishes keloid from hypertrophic scar. True keloid scar is not common and occurs mainly in darkly pigmented individuals with an incidence of 4.5% to 16% in the black and Hispanic populations [27, 28] . It has a genetic predisposition with autosomal dominant features. The keloid scar continues to enlarge past the original wound boundaries and behaves like a benign skin tumor with continued slow growth. However, complete excision with primary closure of the defect results in recurrence in the majority of cases. Keloid patients may have excessive start signals or lack the appropriate stop signals for healing [24, 25] . In the latter instance, the lack of stop signals results in continued and unchecked repair. A possible mechanism of keloid formation may be the presence of persistent signals pushing fi broblasts to keep "healing" the wound site despite complete coverage of the original wound (apoptotic gene expression is decreased in keloids, suggesting persistence of activated fi broblasts). Keloids consist mainly of collagen and are relatively acellular in their central portions with fi broblasts present along their enlarging borders [14] . They do not contain a signifi cant excess number of fi broblasts. Keloid fi broblasts respond differently than normal wound fi broblasts to growth factors found at the repair site (i.e., TGF-β2 treatment causes a greater degree of collagen gene expression in keloid compared with normal wound fi broblasts in in vitro studies; in addition, there is a greater degree of profi brotic growth factor expression in keloids than in normal wounds) [29] . In general, both keloid and hypertrophic scar fi broblasts have an up regulation of collagen synthesis, deposition, and accumulation. It may be that keloid fi broblasts respond to a greater degree than do hypertrophic scar fi broblasts to the signals stimulating scar formation. For example, keloid fi broblasts respond to exogenous TGF-β with a much greater increase in collagen production than do hypertrophic scar fi broblasts. Not confi ned and may overgrow wound boundary. Size related to the injury.
A minor injury may produce a large lesion.
Occur with motion and tension. Independent of motion.
Usually occur across fl exor surface, for example joints.
Commonly occur on ear lobes, shoulders, pre-sternal skin and upper back. May be improved with appropriate surgery.
May be worsened with surgery. Few collagen fi bres; nodular structures containing fi broblastic cells, small vessels and collagen.
Large, thick collagen fi bres in closely packed fi brils.
TREATMENT OF HYPERTROPHIC SCARS AND KELOID
The treatment of hypertrophic scars and keloid is characterized by the wide variety of techniques [30] . Many of these emerged as a result of their widespread use over the past 20 years, and only a minority is actually supported by prospective studies with appropriate control groups. In addition, several therapies proved to be effective in many studies with small groups of patients were found to be not so effective in larger studies with long-term follow-up [31] . Furthermore, results evaluations of different approaches to hypertrophic scars and keloids are diffi cult to quantify because of natural improvement of the lesions and subsequent scars over time. The treatment of skin scarring was based largely on the experience of the physician rather than on large-scale studies.
Before anti-scarring therapy is instituted, an accurate description and classification of the scar type are useful.
CLINICAL CLASSIFICATION AND SCAR ASSESSMENT
Scar classifi cation schemes need to be as clinically relevant as possible. The classifi cation that fi ts this requirement and is worldwide accepted is the one that was proposed by Mustoe et al (Table 2 ) [30] . In addition, several systems to classify the severity of injury have been suggested in recent years [32] . Scar assessment tools can be classifi ed into objective and subjective measures. An objective measure is one that can provide a quantitative assessment of the scar, in terms of its physical characteristics, such as scar colour, scar thickness and volume or pliability. A subjective measure is based on an individual's evaluation of the scar, whether the individual is a patient, clinician or lay person. Subjective measures of scarring are important to ascertain the signifi cance of any postulated scar change. In an attempt to make subjective scar assessments more "objective" and to generate quantitative data, a variety of scar assessment scales have been developed. The most widely used system is the Vancouver Scar Scale (Table 3) , together with instruments for measuring and data collection sheets [33, 34] . Many of these will mature normally over time and become fl at and assume a pigmentation that is similar to the surrounding skin, although they can be paler or slightly darker. Linear hypertrophic scar (e.g. surgical or traumatic)
A red, raised, sometimes itchy scar confi ned to the border of the original surgical incision This usually occurs within weeks after surgery. These scars may increase in size rapidly for 3 to 6 months and then, after a static phase, begin to regress. They generally mature to have an elevated, slightly rope-like appearance with increased width, which is variable. The full maturation process may take up to 2 years. Widespread hypertrophic scar (e.g. burn)
A widespread red, raised, sometimes itchy scar confi ned to the border of the burn injury 
PREVENTION AND TREATMENT OPTIONS
The prevention of hypertrophic scars involves the use of a therapy with the aim of reducing the risk of pathological development. From a conceptual point of view the prevention and treatment regimens may be similar. Early diagnosis of pathological scar has a major infl uence on clinical outcome. The choice of therapy should be conducted according to the classifi cation of the scar and patient's history [30] .
SURGERY
Surgical excision is one of the fi rst reported treatments for hypertrophic scars and keloids, with the fi rst description of this technique by Druit noted in 1844 [35] . The surgical excision of hypertrophic scars or keloids is commonly used in combination with the early use of steroids after surgery and/or silicone gel sheeting [36] . Only surgical excision, in fact, is associated with high relapse rate and recurrence rates for simple surgical excision of keloids alone is reported to vary from 50% to 80% [37] . Timing of surgery can be either early or late in terms of scar maturity. It is traditional to wait for scars to be mature before performing scar revision to avoid operating on an actively hypertrophic scar when possible. This maturation period is typically 18 months, but it can be shorter or longer and may be diffi cult to assess. The scar should be reviewed at intervals to assess the way in which the infl ammatory phase of healing is settling. As the infl ammation settles, the scar and surrounding tissues become softer, more mobile, and supple. Secondary surgery before this stage of maturation is more likely to be complicated by excessive bleeding from persistently infl amed skin and subcutaneous tissue and hampered by stiffness and lack of tissue mobility, restricting the use of local fl aps. The combination of surgery with intralesional steroid injections reduces the recurrence rate of keloids to less than 50%, while the combination with radiation therapy reduces perioperative 10% [31, 38] . Surgical techniques, such as Z and W plastic, improve the appearance and mobility of retractile scars (eg post-burn), while not suitable in the case of immature hypertrophic scars [39] .
INTRALESIONAL INJECTIONS OF CORTICOSTEROIDS
The injection of corticosteroids is the treatment of choice for the treatment of keloids and the second choice for the treatment of hypertrophic scars [30, 31, 36, 40] . The mechanisms of action are complex and remain unclear [30] . Corticosteroids suppress healing by three major different mechanisms. First, infl ammation is suppressed by inhibition of leukocyte and monocyte migration and phagocytosis. Second, corticosteroids are potent vasoconstrictors that may reduce the delivery of oxygen and nutrients to the wound bed. Third, and perhaps most signifi cantly, the antimitotic effect inhibits keratinocytes and fi broblasts, slowing reepithelialization and new collagen formation. The inhibition of fi broblast proliferation by corticoste-roids may be dose dependent and may not be seen at lower dosages, as evidenced by tissue culture studies [41] . Insoluble triamcinolone acetonide (10-40 mg/ml), the most common corticosteroid used for the treatment of scars, may be administered alone or in combination with lidocaine to reduce the pain associated with the injection. Several treatments at once or twice a month usually are required to achieve the desired results [42, 43] . Intralesional corticosteroid injection is associated with signifi cant injection pain, even using standard doses of triamcinolone (40 mg/ml), with up to 63% of patients experiencing some side effects [30, 44] . The most common side effects of this treatment therapy are hypopigmentation, skin and subcutaneous fat atrophy, telangiectasias, rebound effects, and ineffectiveness [41] [42] [43] . After intralesional injection, linear hypopigmentation also may develop secondary to lymphogenous uptake of the corticosteroid crystals [45] . The therapeutic response rates range from 50 to 100% with a relapse rate of between 9 and 50% [46] .
Topical steroid creams have been used with varying success, but it must be noted that absorption through an intact epithelium into the deep dermis is limited. A prospective, randomized study showed that topical steroids do not reduce scar formation in postburn deformities [43] . It also has been demonstrated that limited use of corticosteroids topically fails to reduce scar formation [47] .
SILICONE MATERIALS
Silicones (e.g., creams, gel sheets, silastic sheets, orthosis garments) have become a very useful tool in the treatment and prevention of hypertrophic scarring, especially after burns [48, 49] . Silicone materials are synthetic polymers based generally on a dimethyl siloxane monomer and containing a silicon-oxygen backbone, with organic groups attached directly to the silicon atom by silicon carbon bonds. Depending on the length of the polymer chain and the degree of cross-linking, the silicone can be a fl uid, gel, or rubber [49, 50] . Silicone is inert and does not inhibit microbial growth, but it can act as a bacterial barrier [50] .
The mechanism of action of topical silicone materials on hypertrophic scars is not well understood and various mechanisms of action have been proposed [30, 43] . It has been suggested that their therapeutic effect is not because of pressure, difference in oxygen tension or temperature, or silicone leakage into the dermis [43, 51, 52] . Hydration and occlusion seem to be the principal modes of SGS action, and the presence of silicone apparently is not essential to obtain benefi cial clinical effects [53, 54] . Increased skin hydration probably is responsible for a decrease in capillary activity, a reduced hyperemia, and a reduced collagen deposition [55] .
PRESSOTHERAPY
Although pressure was described for the treatment of hypertrophic scars as early as the 16th century [56] , and although pressure therapy often is prescribed, few controlled studies have examined its effectiveness in preventing or treating hy-pertrophic scarring [57] . Pressure garments have been the mainstay of hypertrophic scar treatment [30, 58] and currently are the standard fi rst-line therapy for hypertrophic burn scars in many centers [30, [59] [60] [61] .
To date, the working mechanism of pressure and the way pressure positively infl uences the development or maturation of hypertrophic scars are not fully understood, and explanations remain hypothetical [30, 62, 63] . At this writing, the exact mechanism remains unknown [43] . However, many have researched possible mechanisms of action, exploring the theories of hypoxia, biochemical changes, and cellular and collagenous infl uences [43, 64] .
Recommendations for the amount of pressure and the duration of the therapy are based merely on empirical observations [63] . Currently, many authors recommend pressures of 20 to 40 mmHg [64] . In general, pressures that exceed 24 mmHg are required to overcome capillary pressure [63] . This is based theoretically on the arterial capillary closing pressure of 25 mmHg rather than on any scientifi c evidence. However, good clinical results (e.g., better appearance of the scar, less itching) have been reported with pressure levels as low as 5 to 15 mmHg [63, 65] . Yet it also is claimed that 15 mmHg is necessary to accelerate the maturation process and that effects of pressure below 10 mmHg are minimal. With pressures above 40 mmHg, maceration and paresthesia may occur [43, 63] .
LASER THERAPY
Progress in laser technology and refi nements in technique have made laser therapy a preferred treatment choice for hypertrophic scars and keloids. Studies published using the 585 nm pulsed dye laser (PDL) have demonstrated striking improvements in scar erythema, pliability, bulk, and dysesthesia with minimal side-effects and treatment discomfort [66] [67] [68] . These observations have been substantiated by skin surface textural analysis, erythema refl ectance spectrometry readings, scar height measurements, and pliability scores. Signifi cant improvement in hypertrophic scars is generally noted within a couple of PDL treatments. Although thick keloids may require the simultaneous use of intralesional corticosteroid or 5-fl uorouracil injections to enhance clinical results, the adjunctive use of intralesional corticosteroids does not signifi cantly enhance the clinical improvement seen after PDL treatment in all but the most symptomatic or proliferative hypertrophic scars [69] . Adjacent, nonoverlapping laser pulses at fl uences ranging 6.0-7.5 J/cm 2 (7mm spot) or 4.5-5.5 J/ cm2 (10 mm spot) should be applied over the entire surface of the scar [67] . Energy densities are decreased by 10% in patients with darker skin phototypes or for scars in delicate locations (e.g., the anterior chest). With PDL irradiation, the patient experiences a snapping sensation similar to that of a rubber band. Post-treatment, a mild sunburn-like sensation is produced for 15-30 minutes that is generally well-tolerated; however, some patients may require application of an ice pack. The most commonly experienced side-effect of 585 nm PDL treatment is post-operative purpura, which can persist for several days. Swelling of treated skin may occur immediately after laser irradiation, but generally subsides within 48 hours [66, 70] . Strict sun precautions should be practiced between treatment sessions in order to avoid stimulating pigment production in the treated areas. Subsequent laser sessions should be postponed until any excess pigment has resolved, so that the presence of epidermal melanin does not compromise the effectiveness of the laser. Topical bleaching agents may be used to hasten pigment resolution. Treatments are typically delivered at 6-8 week intervals; however, longer treatment intervals may be necessary for adequate healing in those patients with darker skin phototypes who develop signifi cant postoperative hyperpigmentation [66, 68, 70] .
Ultimately, an erbium-glass has been demonstrated to have a good result in scar treatment and prevention [71] but this laser is still better applied for other indications [72] .
RADIOTHERAPY
Radiotherapy was used alone and in combination with surgery for the treatment of hypertrophic scars and keloids but its use as monotherapy remains controversial [30] . Although primary radiotherapy has been reserved primarily for cases of unresectable keloids, low-dose fractionated radiotherapy as an adjuvant to surgical excision may be safe and effi cacious. Various regimens have been described and appear to be well tolerated [73] [74] [75] . It is reported that best results can be achieved with 1,500 to 2,000 rads (15-20 Gy) over fi ve or six sessions in the early postoperative period [30] . The response to radiotherapy alone varies from 10 to 94% with a recurrence rate of keloids between 50 and 100%. The best results were obtained with 15 Gy divided into 5 or 6 sessions, carried out early after surgery [76] . Some authors developed new protocols using 10, 15, or 20 Gy, depending on the site [43] . Keloid and intractable hypertrophic scar sites with a high risk of recurrence should be treated with 20 Gy in 4 fractions over 4 days and that earlobe should be treated with 10 Gy in 2 fractions over 2 days [77] . The response to radiotherapy after surgery varies from 25 to 100% [43] . Radiotherapy, however, is diffi cult to evaluate because most studies are retrospective, do not defi ne the term "recurrence", and use a variety of radiation techniques with varying follow-up periods ranging from 6 to 24 months [30] . Nevertheless, although the risk of malignant change has always been exaggerated, and although reports of carcinogenesis several years after the procedure are mainly anecdotal, this treatment method remains controversial despite the fact that there are no current reports of malignant tumors being induced by electron beam irradiation up to 128 months after irradiation [77] . The use of potentially harmful radiation therapy to treat benign lesions may be ill advised and probably cannot be justifi ed [30, 43] .
CRYOTHERAPY
Contact or spray cryosurgery with liquid nitrogen can yield signifi cant improvement or even complete regression of hypertrophic scars and keloids [30, 73, 78] .
Cryotherapy, when used alone, causes a fl attening of keloids in 51-74% of cases [30] . However, it suffers from signifi cant side effects such as delayed healing, permanent hypopigmentation, hyperpigmentation, atrophy, and pain [30, 79] . Therefore, this treatment is limited to small scars.
OTHER THERAPIES
Interferon (α, β, γ). They increase the degradation of collagen. The injection of these drugs is painful and may require regional anesthesia [30, 43, 80, 81] .
Intralesional 5-fl uorouracil. Several studies have confi rmed that 5-FU is effective in the treatment of keloid scars [43, 80, 82] . Wound ulceration and hyperpigmentation are reported complications, but both may resolve spontaneously [80] . It also has been used for the treatment of infl amed hypertrophic scars, either alone or in conjunction with intralesional steroid injection of PDL treatments [41, 43, 80] . The use of 5-FU intralesionally for the treatment of hypertrophic scars, either alone or in combination with corticosteroids and PDL therapy, appears to be both effective and safe [41, 46] .
Bleomycin. Findings have shown that administration of bleomycin by intradermal injections or the multipuncture method is effective against keloid and hypertrophic scars [81, 83] , and intralesional multiple jet injections of bleomycin 0.1ml (1.5 IU/ml) at a maximum dose of 6 ml seems currently to be indicated as a therapy for keloids and hypertrophic scars unresponsive to intralesional steroid injection [81, 83, 84] . The number of sessions required for successful treatment of these lesions ranges from two to six [84] , and complete to excellent fl attening of scars may be expected for most patients [81] .
Verapamil. This calcium-channel antagonist antiarrhythmic agent inhibits the synthesis/ secretion of extracellular matrix molecules, including collagen, glycosaminoglycans, and fi bronectin, and increases collagenase [85] . A few sporadic trials have reported verapamil to be effective in the treatment of keloids when administered intralesionally [43, 86] . The benefi cial effect of calcium antagonists on pathologic scars in vivo is yet to be determined, although it has been suggested that surgical excision with W-plasty or skin grafting and intralesional verapamil injection may be a good alternative for the treatment of keloid [85] .
Hyaluronic acid. It is a major component of the extracellular matrix. Experimental and clinical evidence suggests that it enhances wound healing and reduces the extent of scarring [32] . Preliminary data after intralesional hyaluronic acid injections indicate that softening of the scar is the fi rst observed effect 4 to 6 weeks from the beginning of the treatment. A progressive reduction of the scar thickness follows until the 12th week [32] .
Epicatechin gallate. Catechins are naturally occurring polyphenolic compounds believed to have antiinfl ammatory, antioxidant, and free radical scavenging properties [88] . However, future studies are still needed before epicatechin gallate can become part of standard therapy.
